We developed a cost-based methodology to assess the value of forested watersheds to improve water quality in public water supplies. The developed methodology is applicable to other source watersheds to determine ecosystem services for water quality. We assess the value of forest land for source water mitigation of total organic carbon (TOC) through the use of linked watershed and reservoir simulation models and cost-based valuation economics. Watershed modeling results indicated that expected urbanization will increase TOC loads to Converse Reservoir (Mobile, AL). Reservoir model results indicated that future median TOC concentrations increased by 1.1 mg·L −1 between 1992 and 2020 at the source water intake. Depending upon dynamic reservoir TOC concentrations, additional drinking water treatment with powdered activated carbon (PAC) often is necessary between May and October to comply with Safe Drinking Water Act regulations. The cost for additional treatment was calculated using minimum and maximum volume treated with simulated TOC concentrations at the source water intake. Daily simulated TOC concentrations for the base scenario using 1992 land cover (3% urban) were compared with simulated TOC concentrations following forest to urban land conversion predicted in the watershed by 2020 (22% urban). The daily cost for additional drinking water treatment with PAC was calculated if simulated TOC concentrations exceeded 2.7 mg·L −1 . The mean increase in daily treatment costs between base and future scenarios ranged from $91 to $95 per km 2 per day for forest land water purification ecosystem services.
Introduction
Protecting watersheds that are a source for public water supply can generate large benefits. Many municipalities, such as New York, NY, Boston, MA, and Portland, OR, actively purchase land in their source water catchments to minimize potential water quality problems and avoid costly drinking water treatment plant upgrades [1] . Water related ecosystem services provided by forested landscapes support many beneficial uses and public goods, including improved water quality. While the water quality services from minimally impacted ecosystems are generally appreciated, the actual economic value has been rarely quantified within an existing cost structure related to drinking water quality. This research estimates an economic value ($ per km 2 ) for the ecosystem services provided by a forested landscape for mitigation of total organic carbon, a contaminant to drinking water treatment. In addition to the specific value we estimate for a watershed in south Alabama, we present a cost-based methodology that is usable within the United States or, for that matter, globally.
Total Organic Carbon and the Safe Drinking Water Act
Total organic carbon (TOC) in drinking water supplies can react with chlorine to form carcinogenic substances called disinfection byproducts (DBP). Source water total organic carbon (TOC) is a good indicator of the amount of DBP that may form as a result of chemical disinfection [2] . Several DBPs have been identified by the US EPA as probable human carcinogens [3] .
The US EPA first regulated DBP under the Safe Drinking Water Act in 1979 for systems serving at least 10,000 people. In 1998 the maximum contaminant level for DBP was decreased under the Stage 1 DBP Rule. The Stage 2 DBPR was proposed in 2003 and finalized in 2005. EPA believes that this regulation will further reduce exposure to DBPs and decrease potential cancer, reproductive, and developmental risks [4] . Over 260 million individuals are exposed to DBPs [4] .
The US EPA concluded that epidemiology studies support a potential association between exposure to chlorinated drinking water and bladder cancer. The American Cancer Society (ACS) estimated that there will be about 70,530 new cases of bladder cancer diagnosed in the United States in 2010 [5] . EPA has projected that the Stage 2 DBP rule will prevent approximately 280 bladder cancer cases per year. Based on bladder cancer alone, the rule is estimated to provide annualized mean monetized benefit of $1.5 billion. Additional non-quantified benefits such as those from preventing potential reproductive and developmental risks may also result [4] .
Approximately 2260 drinking water treatment plants nationwide are estimated to make treatment technology changes to comply with the Stage 2 DBP rule [3] . The Stage 2 DBP rule strengthens public health protection by requiring that systems delivering disinfected water meet maximum contaminant levels as an average at each compliance monitoring location (instead of as a system-wide average as in previous rules). Drinking water systems will begin the first year of compliance monitoring between 2012 and 2016 and must be in compliance with the Stage 2 DBP rule MCLs at the end of a full year of monitoring [4] .
As a result of DBP rules, water systems with specified source water TOC levels are required to remove a specified percentage of TOC before chlorination or change drinking water treatment disinfection processes to minimize chlorination. The percentage of TOC removal is based upon comparison of raw water and treated water TOC concentration. A running annual average for each sampling location within a water distribution system is used to meet Stage 2 requirements. If TOC removal is selected over a treatment plant disinfection upgrade, it can be achieved through additional coagulation or enhanced softening. One method to remove source water TOC within a drinking water treatment plant is the addition of activated C prior to disinfection.
TOC in drinking water reservoirs originates from either watershed sources or internal algal growth. This research utilized robust hydrologic models to simulate watershed and reservoir nutrient processes with progressive urbanization scenarios to evaluate the effects of forest land conversion on reservoir TOC concentrations. Resulting TOC concentrations from reservoir modeling were utilized to estimate the cost of TOC removal during drinking water treatment for a given forest-to-urban land conversion scenario. Differences between pre-and post-urbanization scenarios yield the municipal water treatment cost savings provided by forest ecosystems as a result of minimized in-reservoir TOC. The dollar value per km 2 savings provides an estimate of the monetary value of forest water purification ecosystem services through application of cost-based valuation.
Valuing Ecosystem Services for Water Quality
According to Young [6] , estimating the economic benefits of water quality improvement is among the most difficult tasks in water valuation. Regulating ecosystem services, such as water purification, have only recently begun to be assigned economic value [7] . Methods for valuation of water-related public goods fit into one of 3 broad categories: stated preference, revealed preference, and benefit-transfer methods [8] . Farber [9] expanded these valuation methods to include categories for cost based-approaches (replacement and avoidance costs) and nonmonetizing approaches.
Stated preference techniques are the most frequently used in ecosystem services valuation, but the least rigorous because they rely upon stated rather than actual behavior. Revealed preference techniques, such as travel cost or hedonic methods, are preferred over stated preference techniques because they rely upon actual consumer behavior rather than stated behavior; however, they are often more difficult to employ than stated preference techniques. Benefit transfer methods apply economic value estimates from one location to a similar site, which can be problematic if the ecosystems are poor matches [10] . A nonmonetizing approach evaluates a relative benefit without attaching a specific dollar value to an ecosystem service. Valuation of water provision ecosystem services summarized below was typically conducted using property and recreational values, benefit-transfer methods, and nonmonetizing approaches. Avoidance-cost approaches to value water purification ecosystem services were rare.
Water Purification Valuation Based on Nonmonetizing Approaches
Several recent studies utilized a nonmonetizing approach for water services provided by forested ecosystems. Randhir [11] developed an expert choice model to evaluate water supply protection. They used geographic and landscape information along with runoff travel time to develop a watershed-level prioritization model. Expert opinion was then used for index-based valuation. Similarly, Farber [9] estimated the relative value of different services at Long Term Ecological Research sites, but did not attempt to derive a dollar value on the services. Rather, they utilized expert opinion to assign a range of values (−3 to +3) to an anticipated ecosystem service change.
A variation of a nonmonetizing approach for water quality was developed for the Food and Agricultural Organization (FAO) of the United Nations [12] . In was used in an economic analysis of watershed management to protect Beijing's water supply. Valuation was conducted on parameters with an existing market, such as agricultural production, with the acknowledgement that improved water quality is an additional benefit not requiring explicit valuation [13] . The benefits of increased agricultural production, reduced flooding and soil loss, and water yield alteration supported watershed management making economic evaluation of water quality benefits unnecessary.
Water Purification Based on Property and Recreational Value
A review of economic valuation of freshwater ecosystem services in the US reported results from 30 refereed journal articles [14] . The articles surveyed often reported the value of improved water quality in terms of increased property prices near aquatic resources with improved water quality, or in terms of the recreational value of a body of water, such as increased rafting trips or recreational money spent. Boyle [15] used the hedonic property value approach to measure demand for protecting freshwater lakes from eutrophication. They evaluated property prices and factors necessary to compare the properties with each other around different lakes. They then surveyed landowners to compare their stated desire for water clarity with field water clarity measurements.
Several researchers applied cost estimates from recreation, known as the benefit-transfer method, for water purification ecosystem services. Morgan and Owens [16] estimated the economic benefits of the Clean Water Act in the Chesapeake Bay. Their watershed-based study focused on N and P loading from selected point and nonpoint sources, specifically alternate manure control, decreased fertilizer application, and improvement in wastewater treatment. A dollar value from previous studies [17] [18] based upon recreational benefits from improved water quality, was applied. The estimated value of a 40% improvement in water quality was $357.9 million to $1.8 billion per year. Krieger [19] reported the forest ecosystem service value for water quality for the entire US as $64.16 per household per year based upon a contingent valuation study of recreational and passive use values of Flathead Lake and River in Montana. [20] .
Elsin [21] used a benefit-transfer approach to evaluate changes in drinking water treatment costs at varying levels of source water turbidity. An improvement in turbidity of 30% saved $90,000 to $553,000 per year in the Neuse Basin of North Carolina. Postel and Thompson [22] reported adapted increased water treatment costs related to decreased catchment forest land from Ernst [23] . A reduction from 60% forest land to 10% forest land increased drinking water treatment costs by 211%. While previous work [21] [22] related forest land or water quality to treatment cost, cost estimates of forest water purification ecosystem services based upon water treatment costs were generally uncommon.
Most studies did not focus on water quality or water purification from forested catchments, instead reporting improvements in "water supply" or "water provision" from forested catchments. The dimensions in which the terms "water supply" or "provision" reflect water quality or water purification in each study is often unknown. As such, specific dollar value estimates summarized below apply to the general category of "water supply".
Dollar Value Estimates of Forest Land for "Water Provision"
A review of the economic value of forest watershed protection for various benefits including water quality regulation found that economic values for water quality were negligible when expressed on a per hectare basis [24] . In contrast, others report values of $3.64 to $245 ha −1 for forest provision of fresh water supply ( Table 1) . Costanza [25] reported the annual value of forests for water supply as between $3.64 to $65.96 ha·y −1 , which is higher than the global value of $2.97 ha reported previously [26] . Nunez [27] used a production function method and report an annual value of $61.20 to $162.40 ha. Turner [28] reported an annual value of $245 ha for water provision from the Chattahoochee and Oconee National Forests in Georgia. An estimated mean willingness-to-pay for wetland water related services including water filtration was between $15.22 and $31.22 ha·y −1 [29] . One well-known example of watershed management for water supply protection emerged due to the influence of changes in EPA regulations on the water supply of New York City [1] [8] . Watershed management is important since >99% of the supply is surface water. Consequently, NYC actively purchases land in the contributing subwatersheds and ~27% is publicly owned. The average price of natural land purchased for NYC watershed protection was $6745 per ha [22] . Other major US cities relying on surface water supplies with public ownership include Boston, MA (~60%), Portland, OR (100%), and Seattle, WA (100%) [1] .
We estimate a dollar value for water purification services of forested landscapes through application of a cost-based method. According to Daily [30] , more research is needed to build the credibility of ecosystem services approaches by combining biophysical measurements with economic valuation to estimate the monetary value of ecosystem services at the scale of decisions. This research is novel in that we were able to attach a specific dollar value anchored in an existing cost structure to the recognized benefits for water quality provided by of forested watersheds. While our empirical application focuses on Converse Reservoir, which supplies drinking water for the city of Mobile, AL, the methodology we employ using paired biophysical models with cost-based valuation of water quality improvement can be applied elsewhere.
Study Area
Converse Reservoir was formed in 1952 by impoundment of Big Creek in Mobile County, Alabama with a 37 m high earthen dam. The reservoir is located ~6 km from the Alabama-Mississippi border (Figure 1 ). Converse Reservoir, also referred to as Big Creek Lake, supplies the majority of drinking water for the City of Mobile through the Mobile Area Water and Wastewater Service (MAWWS).
Within the Converse Watershed there are wetlands, forests, dairy farms, plant nurseries, pecan groves and residential areas that utilize septic tanks for sewage disposal. MAWSS owns roughly 36.4 km 2 surrounding the reservoir (approximately 11.5% of the total watershed area), which is managed for timber production by MAWSS.
Precipitation near the City of Mobile is some of the highest in the US, with a 48-y (1957-2005) median annual precipitation of 166 cm. Watershed soils are generally acidic, low in natural fertility and organic matter content and composed of fine sand or loamy find sand. These soils are considered well to moderately well drained [31] .
Converse Reservoir receives inflow from seven major tributaries, as well as groundwater inflow. A firm-yield analysis of Converse Reservoir estimated ~5% of the total volume is from groundwater [32] . Stream flow from the The eastern watershed boundary extends to within 500 m of Mobile, Alabama, city limits. New road construction is expected along with increased urbanization. The Mobile Metropolitan Planning Organization (MMPO) Transportation Plan (2000 to 2030) depicts a new freeway loop bisecting the eastern portion of the watershed [39] . Relocation of Highway 98 to the north within the watershed in 2007 generated litigation due to failed Alabama Department of Transportation (ALDOT) erosion control [40] . Future forecasts of urbanization in the Southeastern US reported by the Southern Forest Resource Assessment [41] indicated that major urbanized centers will be concentrated in 3 large areas. One of these was the Gulf Coast centered on Mobile Bay, which encompasses the Converse Watershed. The Forests on the Edge project [42] evaluated urbanization at a national scale and depicted increased population and urban housing densities within the Converse Watershed every 10 y between 1990 and 2030. Local, regional and national urbanization studies described above concur that the Converse Watershed will likely experience significant urbanization in the coming decades.
Methods
Results from watershed and reservoir hydrologic models were utilized to estimate the value of forested landscapes for potential reservoir TOC regulation. In-reservoir TOC concentrations resulting from watershed pre-and posturbanization forest to urban land use conversions were utilized. A cost-based economic analysis method was used to estimate the value of the forested landscape for water quality maintenance using costs associated with additional drinking water treatment options available in lieu of watershed management.
Watershed Modeling
The Loading Simulation Program in C++ (LSPC) [43] which can simulate TOC and provide input for a widely used reservoir model described below was selected as the watershed model for this project. LSPC was used to simulate a 1992 pre-urbanization land use scenario, as well as post-urbanization scenarios estimated using Forest on the Edge (FOTE) housing density projections for 2020 [42] [44] . FOTE urbanization is spatially explicit, so expected urban growth was calculated on a subwatershed basis for the 62 subwatersheds comprising the greater Converse watershed (Figure 2) . FOTE urbanization is based upon 30 m 2 resolution projection based upon historic and current housing density and county level population projections. FOTE housing density projections assume that future growth will be similar to the growth of the past decade. We applied local knowledge, such as knowledge of private land ownership, to the FOTE urbanization projections for our study watershed. Base and future scenarios were paired and compared with one another to evaluate the influence of estimated forest to urban land conversion on simulated total N (TN), total P (TP) and TOC concentrations and loads to Converse Reservoir between 1991 and 2005 using actual atmospheric conditions. While our economic analysis focuses on TOC, analysis of TN and TP were necessary since these nutrients support algae growth, simulated during reservoir modeling, which is a form of C important to the overall TOC budget.
Hydrologic calibration of the watershed model consisted of comparisons between predicted stream flow at Big Creek (USGS station number 02479945), Hamilton Creek (02480002) and Crooked Creek (02479980) to observed corresponding daily, monthly and yearly stream flow from 1 January 1991 to 31 December 2000. Water quality calibration and validation must occur following hydrologic calibration and validation. Grab samples of TN, TP and TOC concentrations collected by the USGS were extrapolated to monthly loads using the USGS load estimator (LOADEST) regression model for Big, Crooked and Hamilton creeks [45] . LOADEST estimates loads in rivers by utilizing measured stream flow and concentration data to develop a regression model. Monthly loads estimated by LOADEST were compared with simulated LSPC monthly loads statistically using Nash-Sutcliffe efficiency (NSE), percent bias (PBIAS) and ratio of the root mean square error to the standard deviation of measured data (RSR) to evaluate model performance [46] . Expected urbanization and changes in stream flow, TOC concentrations and TOC loads were reported. 
Reservoir Modeling
Daily flows and loads (kg) from watershed modeling were used to simulate base and future scenarios in the Environmental Fluid Dynamics Code (EFDC) hydrodynamic and water quality model. The EFDC model was developed at the Virginia Institute of Marine Science [47] . The model has been applied in various locations, including the Chesapeake Bay estuarine system [48] , the Neuse Estuary in North Carolina [49] and the Florida Everglades [50] . Daily differences between base and future TOC concentrations (mg·L −1 ) from May to October between 1992 and 2004 at the drinking water intake were used to estimate differences in treatment cost. The year 2000 was a severe drought year and was not used in reservoir simulation because 1) this research aimed to evaluate the influence of urbanization during average conditions, and 2) the reservoir model had limitations during low-water level simulation.
Economic Analysis
The change from forested to urbanized land use along with the resultant change in reservoir TOC concentrations were valued using a cost-based method based on the cost of removing carbon to minimize human health risk from carcinogens as mandated by the Stage 2 Disinfection Byproducts Rule [3] . The amount of land converted from forest (52 km 2 ) was linked to higher costs for TOC removal as urbanization increased. The difference in additional PAC treatment costs divided by the area changed from forest to urban land use provided a cost per km 2 estimate for forest water quality services related to reservoir TOC concentrations. A cost-based method was selected as a straight-forward application of previously determined costs for additional water treatment with PAC used to value forest-water related services. The benefit of this approach is that it attaches an actual dollar value to ecosystem services. The drawback is that it relies upon estimates of increased treatment costs, which may change with changes in regulations or PAC costs.
Based upon previous monitoring data, MAWSS has established TOC and water temperature levels above which disinfection byproduct formation is more likely in the water distribution system. Operational thresholds are defined as a finished water TOC concentration exceeding 1.5 mg·L −1 when the water temperature at the treatment plant exceeds 27˚C (May to October). TOC at the drinking water intake was evaluated daily from May to October For future scenarios, the population growth projection used by MAWSS was 1% per year. Mobile County population growth projection between 2005 and 2020 was 6.4% [52] . The total daily treatment volume in 2020 was expected to be 7.5% higher than 2005. To calculate an estimated future treatment volume for comparison with base scenarios, the 7.5% increase was applied to the mean daily treatment volume from selected years having the least and highest treatment volume (1995 and 2000, respectively) .
MAWSS has found that a finished water TOC concentration of 1.5 mg·L −1 or less reduces the formation of DBPs. The drinking water treatment process at MAWSS typically removes 45% or more of the reservoir water TOC. Occasionally, a removal efficiency of 35% was recorded at lower reservoir water TOC concentrations. Equation 1 represents a TOC removal of 45% during water treatment and a finished water goal of 1.5 mg·L −1 TOC, the reservoir water TOC concentration above which additional treatment is necessary was 2.7 mg·L −1 . 1 2.7 mgL 55% TOC remaining 1.5 mg . ·L
The work rate is the ratio of TOC reduction (mg·L The mean daily and annual costs for additional PAC treatment were reported, along with a range of costs for the base scenarios provided by using the minimum and maximum treatment volume in calculations. The mean cost for additional treatment for base scenarios was subtracted from the corresponding cost for future treatment to estimate an increase in cost per day and year due to forest to urban land conversion. The mean annual costs were calculated using minimum and maximum treatment volume to provide a range of expected increased treatment costs due to simulated urbanization.
The dollar value for forested land ecosystem services related to TOC concentrations was reported based upon the necessary increased treatment cost. To simulate urbanization between 1992 and 2020, forest to urban land conversion occurred on 52 km 2 . The average increase in treatment cost between May and October was divided by the area urbanized to yield cost per km 2 per day.
Results and Discussion

Watershed Model Results
Watershed model results are dependent upon the simulated spatial distribution of urbanization in the Converse Watershed. As such, a spatially explicit regional growth model was used to provide the best estimate of urbanization by subwatershed. From 1992 to 2020 simulated urban and suburban growth of 52 km 2 , which is an increase in total urban area from 3 to 22%, resulted in an increase of >50% in TN and TP total loads (kg) to Converse Reservoir. TN and TP loads increased by 109 and 62%, respectively. LSPC watershed model total flow, direct runoff and base flow calibration and validation NSE and RSR performance ratings ranged from "satisfactory" to "very good" for all streams in the watershed ( Table 2 ) [53] . Nutrient PBIAS performance ratings for calibration and validation were "fair" to "very good".
Results indicated simulated urban growth generally increased monthly flows by 15%, but resulted in 2.9% lower flows during drought months. An increase in flow following simulated forest to urban land conversion resulted in a 26% increase in TOC loads, despite lower future TOC concentrations (16%). Simulated forest to urban land conversion led to significantly higher TOC loads during June, July and August of the critical period (May to October) for DBP formation in drinking water supplied by Converse Reservoir.
Reservoir Model Results
Forest to urban land conversion resulted in elevated median TOC concentrations at the MAWSS drinking water intake. Median future TOC concentration increased by 1.1 mg·L −1 (41%) over median base TOC concentration ( Table 3) . Higher TOC concentration simulated by the reservoir model, despite lower future TOC concentrations from the watershed model, is a result of increased nutrient (N and P) loading following urbanization supporting increased reservoir algae growth. Simulated forest to urban land use change caused monthly median predicted TOC concentrations at the source water intake between May and October to increase by between 33% to 49%. The largest increase occurred in August to October. TOC concentrations between May and October are important since additional drinking water treatment is positively related to elevated water temperatures.
Additional drinking water treatment is necessary when raw water TOC concentration was > 2.7 mg·L −1 between May and October. Using 1992 pre-urbanized land use, additional drinking water treatment with PAC was necessary on 47% of the days since TOC concentrations exceeded 2.7 mg·L −1 . Simulated urbanization in the Converse Watershed caused additional drinking water treatment to be continuously necessary.
Ecosystem Services Valuation
For the 1992 base scenario, average daily PAC treatment cost ranged from $1100 per day with the smaller annual treatment volume to $1360 per day with the larger annual treatment volume ( Table 4) . The mean future additional PAC treatment cost due to forest to urban land conversion was $6100 d −1 . The mean daily cost for additional future PAC to reduce in-reservoir carbon was consistently higher than the mean daily cost for base scenario PAC required to comply with disinfection byproduct rules. Forest to urban land conversion substantially increased Following simulated forest-to-urban land conversion, the daily mean increase in treatment cost for PAC addition between May and October for the 1992 scenario comparison was between $4700 and $5000 d −1 ( Table 5 ). The value of the forested watershed in reducing in-reservoir TOC using 1992 forest to urban land conversion ranged from $91 to $95 per km 2 per day. The mean annual cost for additional treatment with PAC using base 1992 land use during simulations was between $207,000 to $250,000 y −1 depending upon volume treated. The mean annual cost for treatment with PAC following simulated urbanization was $1,120,000, with a range of $740,000 to $1,777,000 y [27] and $245 per ha reported by Turner [28] , but higher than the $4 to $66 per ha estimated by Costanza [25] . Since previous estimates encompass all water provision services from the forest and our estimate focused on only one water quality parameter, the total water provision services from forested catchments would likely be larger than both our current estimate and previous estimates.
Watershed Context and Future Research
This research provides the methodology to determine a cost-based value of forested watersheds for public water supply protection based upon forest to urban land use. This methodology should be applied using different land use shifts to incorporate other changes such as a shift from forest to agricultural land. The methodology should also be applied to other watersheds in other regions to document regional differences in land use change in TOC concentration. An analysis of the spatial variability in the value of forests might be developed as an extension of this work. Finally, drinking water providers struggle with contaminants other than TOC and disinfection byproducts. For example, increased sediment levels or elevated nitrate concentrations following a land use shift would likely cause necessary changes in water treatment at an associated cost. Even if the value of the forest for water quality management is realized in land-use planning and decision making, much of the watershed is privately owned. Urbanization is still occurring in the watershed and likely will continue even though MAWSS has an active program to purchase private forest land in the watershed.
Conclusions
The economic value of forested watersheds for source water protection of water quality has long been recognized but rarely quantified in a firmly established cost structure. This study focused on the value of one water quality variable, TOC, to estimate the economic benefits of forest cover in a source water catchment. The estimated ecosystem service values are sensitive to changes in the price of PAC. PAC cost was estimated at $1.72 kg −1 . As the price of PAC increases or decreases, the resultant ecosystem services for TOC regulation will also increase or decrease. The ecosystem service valuation methodology utilized may be easily modified to capture the changes in PAC cost.
The cost for additional treatment was estimated using minimum and maximum values for volume treated with simulated TOC concentrations at the source water intake. Daily simulated TOC concentrations for 1992 MRLC land use were compared with simulated TOC concentrations following forest to urban land conversion predicted in the watershed by 2020. Simulated reservoir TOC concentrations required additional treatment with PAC at a mean daily cost of $1100 to $1360 d −1 for base scenarios and $6100 d −1 for future scenarios. Annual PAC treatment costs from May to October were higher following simulated urbanization than the respective base scenario and ranged from $9830 to $844,850 y −1 for base scenario and $740,800 to $1,777,000 y −1 with simulated urbanization by 2020.
The daily mean increase in treatment cost for PAC addition between May and October was $4700 to $5000 per day using the 1992 scenario comparison. This corresponds to a value of $91 to $95 per km 2 per day for forest land TOC regulation. Following simulated urbanization, annual treatment costs increased by $628,000 to $1,309,720 per year or $12,080 to $25,190 per·km 2 per year. The increase in annual treatment cost depends upon annual volume of water treated which generally corresponds with precipitation. Consequently, the ecosystem services provided by the forest land in Converse Watershed vary annually, ranging from $120.80 to $251.90 ha·y −1 . The estimated mean annual value of forested ecosystem services for reservoir water TOC regulation from the 11 years simulated was $167.30 to $175.40 ha.
Based solely upon the reservoir water TOC related ecosystem services provided by forests in Converse Watershed with an annual value of $167.30 to $175.40 ha, and assuming a 4% discount rate, MAWSS should purchase property for any price up to $4385 per ha. The average purchase price for watershed land in the NYC project was $6745 per ha to capture the suite of watershed protection ecosystem services [22] .
This research isolated the value of one ecosystem service provided by a forested catchment, improved water quality relative to drinking water treatment. Within the arena of public sector decision-making, this research provides a basis for the purchase of watershed land relative to water quality benefits. Other forested ecosystem services, such as water quantity regulation, wildlife habitat, sediment retention and recreational value, have been assessed previously by others and may be added to the water quality benefits reported here to increase the financial feasibility of purchasing watershed land to capture additional ecosystem service benefits. This research starts providing the financial valuations that are necessary to guide effective public sector decision-making, such as purchasing watershed acreage, relative to ecosystem services that yield public values.
While these results are specific to the Converse Reservoir, the methodology can be applied elsewhere to estimate a value for ecosystem services relative to water quality variables. The development of readily accessible watershed and reservoir simulation models and digital information provide the tools necessary to estimate the value of ecosystem services that were previously often avoided in valuation calculations. The value of TOC regulation in the Converse Watershed was within the range of previous values provided for all water provision ecosystem services from a forested catchment, suggesting that previous estimates may need to be increased to incorporate the value of forested catchments for water quality regulation.
